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Abstract

Tne Gonaivea Plain llea in northern Haiti at the hood of fche Gulf 

of Gonaives* Ground water in the plain Is used widely for domestic 

nnd stock purposes but only to lisiit*»d extent for irrigation* The 

future agricultural development of the plain will depend in Irrrce 

laoasuro on the proper utilization of available ground-water supplies 

for irri£*tion»

The rocks in the region of the Oonaires Plain belong to the upper (?) 

Cretaceous aeries of the Cretaceous system, the focrne nnd Olir-ocone 

aeries of tT- e ?s-r ti^ry -*y^tfin, nnd the Pleistocene and Recent series of 

the "Xinternary system. The stntctur-1 depression Ov?cupi#d by the 

Connives ?lr>in wsg forra^d in po^t-T.r loc(?!ne tine by the <',ialocst!on of 

Cli.?ocpno *nd olr!er rocks Hlon>? norr.nl fm>lts -nd by the tilting of the 

fdj«!cent cru^t^l blockr>. ?he lo-'rr r^nrts of the depression contain a 

Plei^toc^-n^ <5nd Secant alluvial fill deponit»d by strn-T?3 tributary to 

ths pi"in.

The up^er (?) Cr«»fc nce')us rockn include r.n>sito ^nd bfl^^lt 1 v? 

flovrs locally intcrcfil^tr-d \vith some b«d3 of tuff nnd a^lonernte. 

These rocks are --en^rally dense nnd ir.pervious but locally s.?.nll 

rise from frictures »^nd bj^ddin^ pi--Tien or fron :e«thered "ones*

The Eocene rock.i rre hard, thin-bedded, oherty Ii3»9ton«3 -ith 

beds of i^fiasive chalky limestone* Consi iornblo rr^nnd "/ater circula 

through joints, bedding planes, *mfi solution pasarr.eo in these rocks 

Sivinp; rise to irr:ortrnt .springs such as Icurces ?-nd??ne 'harloa, Th 

aprinsn dl.;ch^r^^ nt the rnto of --bnut 110 liters -*<?r second.



The Oli*rocene rocks include limestone, shnly linestone, limy 

stcne, aarl t and shale. The limestone beds contain solution 

sad other openings and these nny nfford capacity for the circulation 

of ground ^ater. However, no wells or springs In Oligoc«ne rocks were 

observed during the prelent study.

The alluvial fill of the plain ia corrpoa^d of interbedded lenses 

of clay, silt, send, and s~?r?ol» These deposits contain a rone of 

saturation whose upper linit is nfrkod by a water table* The depth to 

the ater table beneath the alluvial lowland of the plain ranges from 

less than one n»t*r to nbout 20 taatprs* In nost places in the nlaia 

the depth to ,'nter is lose than 15 netors. ^h^re pr*?^ent in the ??one 

of satu- nt1on the "O-rse, ell-aort^d ~inr\A ami .^r-vel bf»ds of the 

alluviun -/ill prcbnbly yield nod«^r«te to lfl~-?o 3upplif»3 of -Tater to 

wells *nd infiltration ^rnllorisis. The individual yialda of eitlsting 

v-slla r-^n^e fron a fpvr liters to about 60 liters p-?r second.

The nost favorable part of the plain for --round-vnter pronpectinK 

and covelopnent li^s 5 to 10 kilormters northeast of Gcnalves. In this 

area yicldn of 10 to 50 liters ner second could be obtained from the 

alluviun in aircple --ells drilled to depths of about 35 to 45 netora.

/ddition"! in format ion on the yiold and "h.vsioal chf'.ractor of aquifers
)

in th*s ailuviun vvould be jrovldpd by t'-st /ells drilled to depths of 

40 to 60 rasters.



Introduction

The GonaiT^a Plain is loeetrd In northern Haiti *t the ho«5d of the 

Gulf of (km si ve 2* (Fig. 1). The principal city of the plnin is Connives, 

osrsitnl of tb« Dapartnent of Artihonite ?md 1PO kilof^eters by road north 

northwest of r ort-mi-rrince,

A C7anersl study of the .^nology "ntl ground-'-nter conditions of the 

ns n*d« by the -.writers in yebm ry 1949» Thio -tork ?r?»s pnrt of 

-r r>ro-T-~r, of ^round-^^ter studies in Haiti b<r the Inntitut© of 

m^rie??n Affairs in noop«r*tion with th* l/» 3. c/eolo^ic^l Surrey* 

Th** 'Tork -- ?"!?? done ^nd^r the fT sln^r fS l direction of Mr* *'  Alsn Lsflin, 

chief-of-p«rty of the Food Supply Divi"-i^n of the Inati^-wtp in Hsiti- 

\t err ent irri - tion is pr^cticod in the GonaiTes Plain r»nd its 

tributary valleys by diir^rniona fron str^^Kss* During the dry i*»"son 

the flow of there strums ia usu-lly "ufflclent to ccrsr^r nwch of the 

vnlley -^r^os, but the 1-ia ii^olf reoeivBs only fi^or-llc irri^f.tion or 

none «t all* The -:rincipnl object of the nro -ent ntudy -1*3 to Invosti.v 

the occurrence of /--pound ^ntor in the plnln ?ind the fe^si"bilit/ of

np' nter ?Ji;p^liC3 fr ̂ m v?«lls or othor stmcturea for irriftion.
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VThe rainfall at Gonaives is probably representative for scat oT 

the lowl??nd area of the plain. However, the bordering mountain slopes 

may receive half again to twice as rrmch rainfall as the plain. To 

large extent the eraount of rainfall received by the noun to in slopes 

depends on their elevation and exposure to the northeast trade winds*

Topography and drainage

The Gonaivas Plain is alluvial lowland of approximately trianrtalar 

outline (Fig* !)  At its southern limit it attains a maziimia wi3th of 

about 11 kiloneters from e«st to west. To the north the width of the 

plain gradually decreases to about 1-1/P kilora«ter3 neor the junction

of the Riviere d^nnery with the Hiviere La Branle* The plr»in hns a
f 

maximum Ismrfcb of nbout 13 kiloaaters from north to south*

VLong Its entire astern n*»r«rin the plain is bordered by foothills 

and spurs of the &oat*gn''8 de Terns Feuve* The hi^h^st point in these 

sountains n« f r the plain is Morne 3iennc whose elevntion in 3r5 meters 

above sea lovel. The ersat of this mountain is looted 3 kiloiaotors 

north of Gonoives*

To the south of the valley of the Hiviere d'Bnnery the plain is 

bordered along its eastern nrr^in by long linear rldgns which OT« spurs 

of the Monta{-neg Noires* Bayonnais Ridge lying bettraen tb« vnlley of 

the Hiviere dea Bayonnaia nnd the pl^ln la -^erhops the r>o3t prominent 

of the ne* It attains a naxicum elevation of about 400 metern .rtbove sea 

level. On the northeast side of the Bayoansia Talley is a second ridr« 

whiah extends northward beyond the point of Bsyomrnia Itt^ge to the D 

Velley. This ridne reaches elevations of about 500 to 600 netera* 

its so-utb^rn Unit the Consivs Plnin la aplit by the northern tip of

Grfrrmont* Thia ri.v?«, in a 1-r^ isolnted outlier of the T'onta^nes 

. Its -^xirruia elev-tlon ir? 406 niter's above ica level*



North of the ISnnery Talley »nd e«st of the valley of the 

Hivisre La Brsnle nre the raounteins of the llasaif du Word whieh border 

the plain on the northeast. The highest point in these mountains near 

the plain is Tforne neux Kamelles whose elevation is 784 s*eters above sea 

level*

The surface of the Gonoives Plain rises evenly froia the sea et 

Gonaives 3ay to sn elevation of about 120 maters «t it a northern limit, 

n*«r the junction of the valleys of the Hivi«re La Branle and the Hiviere 

d'Enuery* At the entnrace of the alluvisl valley of the Hiviere Bassin 

the plain ia about 60 meters above aea level and About the g«rv» nt the 

entr^nne of the TJ^yonnais Valley, ;iouth of uonaives and weat of rorne 

Groaiaont the uonaives Plain i.i contiguous with the >rtibonite Plain. 

last of forne urasssont the uonaivea Plain merges imperceptibly with the 

;j«vane esolee, a siasll alluvial basin which extends on southeastward 

for sQV^ral kilometers, .-there the plain merger with this bwain the

genersl olevntion is about SO meters above sea level. TIear the aea the
i 

plain is low pjnd barrely dissected. Inland tho fjlope of the plain in*

cre*<*ei f?re<lu"illy »md the principal str^eras ore incised to depths of ?, to 

5 Tn»ter3 belo^ its <mrf*ce.

The trunk ntrean of tho '?<m»iv9?t ?lnin Is t?'« Riviere La uinte 

Thic** is forred by the confluence of ths riviere La 3r«nle a?id the 

Hiri^re d t '?nnery. farther south in the central p^rt of the plain the 

la "uinte is joined by the Rivieres HASsin «nd des 3«yonnais.



Th« Riviere la Qiinte is an intermittent stress through aost of 

its length. It carries water only in the rainy a ana on and into the 

first pert of* the dry aeaaon* However, in the lower 8 kilometers of 

the stream there is a small perennial flow that peraiata through the 

dry season* This flow is sustained principally by the discharge of 

Sources Bongry (no* 2) loootod along the channel of the stream about one 

kilowter upstream from the ^ainte bridge on the oonaivea*»it*Mere road* 

On February 16, 1949 the flow near the bridge was estimated at about 

90 liters per second* the flow was measured by the service deg Eaux 

et Forets on February 17 f 1937 ot 130 liters per aecond* These dis 

charges represent the order of magnitude of the stream flow in the 

aiddle or latter part of the dry season* the Hiviere La ^uinte was 

entirely dry upatreaa from jources Bongry to the Riviere d'Bnnery during 

Janurry and February 1949* Tn the rainy season tfra Riviere la Cfcinte 

raay carry dlach^rges of aeroral cubic teeters per second* A flow of 

6/74 cubic neters per aecond was neaaured on norenber 12, 1954 by the 

;3errice d'Irrigntion t mpt* des ^rnraux Tublics et the f^apou Chevalier 

bridge near Lea Poteaux*

In the lower m^chea of their alluvial valleys »nd in their courses 

acroag the uon^ivea ^lain all of tho tributary ntresras of the Hiviere 

La 'ulnte Rre intcznittent* They carry w«t*»r only in the r«iny season 

end during the first pert of the dry aeeaon* In their uprier s^l middle 

cour??e<s the tributary ??tre'«s8 **r« t^r'mnial PIS! c«rry small dry-aerson 

flows raisin* fron n f«w ten to n f?*w hundred liters per second* This 

I*? <ill diverted for Irrigation in the a!,luvl«l valleys of these



Otology 

General features

The rocks that crop out In mid «djaoent to the oonaives Plain belong 

to the tipper (?) Cretaceous series of the Cretaceous system, the Eocene 

and rligocene series of the Tortiary system, and the Pleistocene and 

Recent series of the <featernary ayatea* The general geology of the 

Oonaives ?lain and of the adjacent mountain borders la shown in Figure 2.

The rocks of the Gonaivss region were disturbed at a number of dif 

ferent geologic tines by orogenie movements* Meording to ^oodring t Brown, 

and Burbanfc^ three principal periods of folding probably affected the rocks

J/Woodring, /eadell P., Brown t John 3« f Borbanlc, Tilbur 3»; Geology of the 
Republic of Haiti: Hepublio of iiaiti f uept* of Public ^orka,

of the Hapublio of ^

of the region   one near ths end of Cretaceous tiue t ono at the end of l£ooene 

time, and another near the end of Miocene tine, ^ach successive laorement 

involved all older rocks*
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The structural depression occuppied by the Oonairea Plain probably 

originated in post-!!iocene5/tine by the tilting of crustel blocks along

Op* cit** p.336

normal fmilts* This depression is the southern extension of the Trois 

Hirieres trough, a narrow graben that trends north-northwest from the 

nsrtfc end of the Gonaires Tlain to the north coast of Haiti near Port- 

de-Pair, the graben is 5 to 8 kilometers wide and about 50 kilometers 

long. Along most of its eastern nod western flanks it is bounded by nor 

mal high-flngle faults* The fault line which limits the eastern side of 

the graben extends south into the uonaives region and dies out a few kilo 

meters south of the oanery Valley, Berths r south ere two feults which lie 

en echelon with that of the east side of the grsben. One of these is on 

the southwest side of aeyonnsis Kidge and the other is along the north- 

eest flank of the Sayonneis Valley* (.See Flg*2j Both of these fire 

apparently high-angle normal faults dipping southwest snd along which the 

northeast block has been uplifted nnd tilted to the northeast* A. similar

end parallel norrsil fault probably lies alon^ the southwest aide of the

4/fjrasnont block which ia ftlno tilted to the northeast  * £11 three

Clt* f p*ooo*

of these fmilts die out to the southeast and pass beneath the nlluvial fill 

of the '.ionaives /'Ifiin to the northwest*



The structural depression of the Connives Viain la directly under 

lain by en extensive alluvial fill deposited by stresras that enter the 

plain from «djwcent mountain areas. Most of this fill w«a probably Iai4 

down in Pleiatocene and Keeent time. Evidently there were two principal 

bycles of filling-en earlier cycle of probable pleistocene ng« and a 

later cycle in xeeent time. Following Pleistocene alluviation the atreesm 

cut down in t^eir deposits to a level considerably below the present sur 

face of the plfcin. During the ensuing cycle of renewed alluvi«tion in 

decent tir», the Pleistocene deposits in the lower parta of the plain 

were covered by the younf-er d«poaits. However t in protected recesses 

along the borders of the plain the Pleistocene deposits were left as 

ftiasected alluvial fsns or terrncea which lie 5 to 20 neters above the 

present surface of the rtecent alluvium*

10



Geologic formations and their water-bearing properties 

Cretaceous volcanic rocks

extensive se^enee of lavfia with some pyrocleaties that any attain n
s/

thickness of 1,000 aeters or wore in this region* &ost of th«ae

JJ/ Op» oit. , ?» 265*

rocks cropping oat in the borders of the Oonaives Plain appear to be 

andesites although basalts also occur. Locally b?ds of indureted 

agglomerate or tuff nre intercalated with the lara flows. The areas 

of outcrop of upper{?) Cretacoous rocks obserred during the present 

study ere shown in Figure 2« Howerer, outcrops of upperC?) Cret«ceo« 

rocks not observed nay be present in are»s aispp«d as Sooene especially 

along the souths -stern margin of the plain and alon£ the eastern border
it

of the 3ov na De.-solea. Homblande ande^ite crops out in a cut of 

&i' Cp. oit. f p, S78.

the abandoned Con^iTea-^nery r^ilroptl 4 'diameters airline northargt 

of les rotenux. *^t this point the andeaite is in fsult contact

has It which ia youn^^r th*n the nndenite although ^lao of xipr5?«r(?)
I/ 

Cretaceous *>ge. Ksse^ite , a brsic if?neous rock of diabnaie texture,

2J Cp. cit., p. 280.

alsQ oba^rrod no^r th« b?iso of rs ^ronin«nt conical knoll ibout 

one kilometer norths ̂st of Las r

-11-



The upper(?) Cretaceous andesitaa and basalts with the Intercalated 

pyroclastlcs are hard dense rocks with f«*w openings through which water 

may circulate* Locally small springs rise frora fractures and bedding 

planes or from weathered aones where the rocks crop out at the surface* 

However, generally the rocks appear to fora an Impervious basenent on 

which younger formations rast«

Eocene line stone

Heating uneonformably on an rncient erosion surface cut in folded 

upper(?) Cretnceous Tolcanlcs Is a thick series of rasrlne limestones 

of upper Kocane «?po. These rocks form most of the hllla and ridges 

along the eastern border of the plain «nd 5-fcrne araaoont (?ig*2)« la 

aosit places the upfer Toeene rocJrs «re hard, thin-bedded, gr^y and srhl^e 

cherty linestones, locally, ho'teror, mngalTB chalky f?!cie3 occur. The

characteristic upnsr Eocene foroa Hlctyoconun Tvallpesnien^ia nannoidea        -    -     A              
8/ 

was collected  at the north end of ?.(orno 'Jrflcnont and on the

5/Cp. cit. f p. 144.

southwest slope of I'orne Uionec. It wag also found b.v the writers in 

linestones at the north end of Bayonn^io H



The upper Socene limestones «re moderately soluble in water

with carbonic acid. Commonly in outcrops the rock is pitted 

and frstted by solution. In many places underground percolating waters 

hare enlrcged the Joints end bedding planes of the rook by solution* 

These openings afford passages for circulating ground water* "?here 

prf s**!it in the zone of saturation the 11 HP 9 tone 3 would probobly yield 

moderate to large <ruantities of trater to wells* however, in the hills 

bordering the plain the upper Focene line a tones ore considerably dis 

sected and are probably rather thoroughly drained at least to the level 

of the surface drainage of the region*

Sources Madame uhnrlos, Ho* 1, is a notable £>roup of springs that 

issue from upper Socene llaeatanea. These springs are about 4 kilcmsters 

northeast of lea Poteaux at the edge of the snnery 7alley* There ere 

several spring heeds in the group located on ? line about 100 neters 

long* The springs issue fron bedding plsnes nnd joints in thin-bedded 

white lirestones* The spring line is situated «t the base of a bluff 

on the west aide of the alluri?*! vslley of the lUriere d'Knnery. The 

tot«l dlach^rrre cf the springs wea n^saured at 110 liters p*»r sacoM 

by th« service das Imix «*t ^orets on *ebru*~ry 18, 1937. ihen viaited

bv th*» '^ritprs in "^ebru^ry 1949 the flo^ w^ri spprozinftsly the 

tennerature of the water is f!G°<%

13



Cligocene limestone

Hocfos considered to b« of opt>er Oligoeene age fora most of tha 

western border of the uonaiveg /'lain. They also »ppasr along tha 

ffoathwe^t b-<se of the Massif du ??ord ??hera they ara in fmilt contact 

with Uretoe«ou3 or Eocene rocks, 'long the southeastern fl*nlr of ?.'orna 

Bienae near oonaiv^s acese rooks shown in Figure 2 aa CUgocana may ba

g/Eocene* Ch»ract»ri3tio uppsr socene fossils were collected^ at a nusibar

^IdQBy p» 144*

of localities on the southwaat slope of this raotmtniiu Ho trover, the 

upper Cligoc^ne forsiainifara Pioprpgjn^ ant ill** a fCughznnn) and lejidpeyelina 

H. fjauyilla were foundi^ on a low hill about 4 kilonetars north-

Cp. cit. f p* 156.

 ast of '^on^ivea na^r the «onalras»rort-de-Paix road* The upper Oligo- 

cena rocks inclodo thin or aagsively baddsd yelloi*ish-^rf?y aerlne lisestone, 

shsly li-^e storse, liny saad.^toce, a*rl, end *rpeen sh^le*

""he llrrestonas of the op_«3or Oligoceno series show solution features 

to thofla of the uprsr Itoaena llnestoneg, "urfaoe owtcropg

-enn'f by soluticn, #»nd in nany place* a joints and 

b«sn enlrr^fjd by solution of percolating waters*

oponinr»g n<^y nfford coaiider^bls capacity for the circulation and storage 

of ground water* Seoause the lirwstonea ere interbedded ^rith inperrioas 

shales ^<! marl 3 » the over-pll p^rmepbility of the u^por Cllgoeena aeries 

m$y not bo *»«t ^re^t ^.;? th??t of the upr«e" -Soceno lijaeatones* Mo **lls or 

springs in up^er Clirocsne rocks '/ere obacry^d during the ^raaant study*

14



Oldie? alluriun

Heisteeene sitreara deposits crop out in terrace r«ran«nta and dis 

sected alluvi*! fans along the borders {Fi|%J?} of the Conaiveg Plain 

and probnbly underlie necent alluvium beneath such of the lowland* In the 

outcrop areas the ?leiatocene deposits are essentially coarae-teixtured 

poorly-sorted gr«vels with considerable adairture of silt and find gaud*
. *

pebbl«s mtd cobbl«a in the gravels are mostly of limestone although

basalt, sndaglte, and diorite pebbles ocotir in scattered In- 

atonceg. At the surface the ?leistoe0ne deposit a <ire cowsonly capped by 

celicbe, nnd at loaat the ne^r-gurface p^rts of the deposits «re indurated 

by a aeeondsry ocrent^tion of cRlciua carbonsto. Beneath the lowland area 

of the plain the Pleistocene deposits are very similar in physical charac 

ter to the overlying decent alluvion except that they r*re aommvhet rnore 

consolidated.

conaolidet^d or indurated by eenentatlott t^e Pleistocene 

may have lost n considerable pnrt of their original persaeo- 

bility. In other respects tho wat*»r-bewring ehwrffctorlatica of the 

""leistocene deposits are similar to thoae of the Kecent "lluviura.

15



lounger alluvium

Recent alluviua directly underlies the surface of the Qonaives 

tflain as well as its tributary alluvial valleys (Fig* 2)* The alluviua 

is made up of intercalated lenses of unconsolldated clay, silt, sand, 

and gravel* It is coarsest textared in the alluvial valleys and in the 

areas where the valleys merge with the plain* In these «ones the alluvium 

is principally gravel and sand with relatively little clay and silt. 

In the central part of the plain clay, silt, sand and gravel appear to be 

present in about equal proportions* The Recent alluvium in the lower parts 

of the plain near the sea is largely clay, silt, and sand with only a 

little gravel*

the clay and silt facies of the Recent alluvium have very low 

permeability and hence have little capacity to yield water to wells or 

springs* However, the gravel and sand facies are moderately to highly 

permeable* To a large degree the permeability of the sands and gravels 

is dependent o.» the extent of their sorting by running water* The 

coarsest and best sorted gravels were laid down in the channels of the 

larger streaas* The flne-textured clays, silts, and fine sands were 

deposited from qtiiet waters in ar^aa adjacent to the stream channels during 

floods 

Shallow dug wells indicate that within 15 to 20 aeters of the sur 

face the Recent alluvium is coarsest textured and best-eorted in that part 

of the plain lying between the 30 and 100-«eter water-table contours 

shown in Figure 2. It is believed that in this part of the plain the 

Recent alluvium is generally more r^Aneable than elsewhere* The general 

characteristics of ground water in the alluviua are discussed beyond*

16



water in the alluvium

The moat important ground-water body in the 'Jonaiveg Plain occurs 

in Secant alluvial deposits find possibly in similar underlying Pleisto 

cene deposits* This ground-water body is sustained and recharged, 1} 

by infiltration frca streams that enter the pl«in, 2) by seepage from 

irrigation in valleys tributnry to the plain, 3) by the underflow of 

the alluvial valleys of the larger streams, 4) by direct penetration 

froa precipitation on tb© surface of the plain, end possibly 5) by 

underground leakage from water-bewring Eocene or Cligocene rocka. ?ba 

principal recharge to the ground-water body probably occurs during the 

rainy season .'hen the streams ere in flood and the precipitation is 

greatest on the plain.

The upper limit of the zone of saturation in the alluvium of the 

plain is tnsrfcfJd by a water table -sfhose position, shape, r*nd silope in 

February 1949 are shown in Mgure 2 by means of 10-neter contours re 

ferred to sea level. In general the ^nter tabla slopes southwestri^rd 

from the north end of the plr,in to Connives B*y with « nr^iont approxi 

mately psr^llsl to that of the l.^nd aurfece. Likewise in each alluvial 

valley tributery to the plain the water table slopes uownvallfjy until 

it merges with the water table at the plnin»

r»ter received in the rone of saturation by infiltrntion from the 

surf^cw or frora other .sources noves down-fr^diont ,«lonn the sloT>e of the 

 *ater tfble* "st^r is discharged frcn tho ^one of saturation, 1} by 

evaporation or by transpiration of plants There theirter table in ot or 

near th« -»«rf r'c^, ?} by rrrinfs nbove se^ leT«?l f snd o) by aubnnrine
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froa the zone of saturation occurs where the water 

table is at the surface or the capillary fringe extends to the surfsee* At 

least in the dry sesaon such evaporation appears to be concentrated princi 

pally in thr^t area of the plnin lying less than 5 meters above sea level* 

During the wet season with the rise of the water table the area of evapo 

ration extends to ether pnrts of the plain. Oround-water discharge by trans 

piration occurs wherever the roots of pfjreatophytic plants reach the witter 

table or tire capillary fringe. Considerable parts of the central «nd 

coastal mw«3 of the plain are overgrown with thickets of bsyfi^onde, a 

thorny leguminous tree resembling .teerican mas«mite* These trees together 

with othi»r phreatophytic pl«nta evidently trsnapire larfje quantities of 

wat*r from the zone of saturation especially during the dry season*

Ground-water diachnrg-e by springs takes place chiefly along the chan 

nels of the Kivlere ia Quinte NIK! its tributaries* 3ueh springs occur where 

the w*ter t^ble in the alluvium is intersected by a stream channel or other 

depressions* "ith the exception of Sources Bongry {No.2) all such springs 

are of temporary character* They flew only during the rainy seeson and 

the first part of the dry season ??hen the water tnble rises and Intersects 

the stream channels* :?hsn the wflt<»r table declines in the dry season the 

springs ro dry. *. typicfil e^Rnplo is Source Tsrchnnd (Ko. 55) in the channel 

of the Kiviere La "uinte. -fhis spring is reported to flow a few tons of 

liters r»er ?«cond in the rainy sengon. ^o-^ever, when visited by the writers 

on T^brn^ry 1^> 1^49 the *3pria^ -^ns not flowing end the w»ter toblo wss 

about ^.."5 netrr bolow th«» ^trean channel at the spring ^ead. evidently in 

very fMny y*»T3 thf» florr of this iprin^ ssay persist through most if not all 

of th« dry 'e^sca. Cn ?obm-Ty IP, 1937 apparontly rollowin/^ 'n exneptionrlly 

rniny T^-t reason th^ flow of the airing ^sa raoafiurftd at 20 litern p^r 

by the "«jrvico do3 "nu-x -*i Forcta,
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Sources Bongry,(Uo. 2) are apparently the only in^ortant perennial 

springs that rise from the alluvium of the Gon elves Plain. There nre three 

principal spring heads in the group located along the channel of the Riviere 

La Oiinte about one kilometer upstream fron the Mnte bridge of the Gonaives- 

3t* l£are road. The springs iaaue frost sand and srevel in snail recesses a- 

long the banks of the stream and about 2 meters below the general land sur 

face. The total flow of the springs on "February 16, 1949 n«sr the tiinte 

bridge was estimated at 90 liters ner second. «H the sane place the flow 

was measured by the service des Faux et Korets at 130 liters per second on 

February 17, 1937. These discharges represent the na^nitude of the dry- 

season flow of the springs. The 'vet-season flo* is reported to be nuch greater.

Formerly ther« -*ere »» number of perennial aprin^s nnd awampy tracts 

in the vicinity of Conaivea and in the area 1 to 2 kilometers northeast of 

the city. These *?re now? controlled by two ayatema of open drainage ditches 

constructed by the Service Cooperatlf Inter-%ierioain fle la lante Publlmie. 

One of the39 systems fi'nptiss into r.onaivea Bay just north of the city. It,i 

total diochsrge on Xebru?»ry 17, 1949 wna estimated by the writers at nbout 

79 litfsrs per second. The second r>yyjtera passes through the city nnd flo^s 

into i^onaivea harbor. The diachapge wag approximately 25 liters per ^ocond en 

Febrenry 17. The discharges of both of these dr^in^e systems incr««3ea 

markedly with th« rise of the water tnbla in the wet 8e«3on.

^ general seepage from the ?one of sstuTRtion also occurs in the 

tidal flats along the shore of Sonaives 3ay. 5;round-wf»ter discharge 

also o^ctir in submarine sprinf-a noar the alca of Oonaivog Bay.
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During the present study data on the depth to water *»d the character 

of the water-bearing materials in the alluvium "*«re obtained for aorae 60 

typical wells scattered over the itonaives Plain. The depths to water in indi 

vidual wells in February 1349 are shown in figure 8* Practically all of these 

wells tap water in unoonsolidited or semi-consolidated sand and/or gravel in 

the alluvium. The depth to *rater measured in, tv ese wells ranges fron 0.30 

iseters to 17.60 aeters below the land 3urf«c«. ?he wtar tfible in th<? al 

luvium of the (Tonaivegi -lain is practically everywhere within 80 meters of 

the I*IK! <?urf*co and generally in less than 15 meters bslow the surface. *fhe 

deepest wnter levels occur along the xsargina of the plain Tihere the surface 

of tho alluvium is high.

The water level in ^rella in ths alluvium fluctuates ^eoaonally-bein^ 

highest during the latter part of the rainy season end lowest ne*r tha end 

of the dry season. These ch?>n£res pppe*r to be greatest in ^ells aitusted 

near th« Riviero La :uinte *ind its principal tributaries, ^or example in 

well 3, the water level has baen observed to SJQVO through a range of about 

4 Tseter3 during the yo^r. In «ella nope distant from th« atraara channels 

comparable chants In w^ter lovol ^uount to nbout Q.~5 to J? m«t^r3 during 

the year. These fluctuations in the water table reflect seasonal changes in 

the essount of water stored in the aone of saturation. In the rsiny season 

rech"r*Ta exceeds dl3ch«r'*e and the wator table rises , b'.it in th« clry ii nson 

diach^r^e ex^efsd^ rechnrre nnd the «?at^r tnble declines.

The ground %-atir at lanat in the rihallo^ wntar-becrinf? bo'ia of the 

alluvium is c-en^rflly notable ^nd of s?ood chwcsical --uality. Tlowevsr, in a 

^nall r-rea Axt«ndin^ inland 1 to ** Vilow»t^rs fron ^onalv**^ l^y tv.f> shallow 

around watar in <yen«r fi lly brnckish. The inland Unit of the br^ckiih ^rcand

own in figure 2. The .shallow around ;nt«r in th-   r*** o^nt -/f . oroe 

i.i nl.io brack!3h in nlaees.
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Ground water in bedrock formation*

The alluvium of the Goneives Plain probably reata on a bedrock 

floor of "Xwsene and Cligocene rocks and in places on Cretaceous rocks* 

Sufficient data were not available for the present study to ascertain 

definitely the water-bearing character of these rocks or the presence or 

absence of prodtictiTe armifers since none of the existing wells in the 

plain penetrates through the alluvium. The cretaoeoua rooks are manifestly 

unfavorable, bat some of the cavernous Oli^ocene and Eocene limestones 

should prove to be good aanifera where present in the sene of saturation*

It ia reported that about 1940-42, the J. 0. ^hite ^Engineering 

Company drilled n number of test well3 in the Connives Plain to depths 

ranging fron about 10D to 200 meters. HoweTer, the well Iog3 and other 

hydrolo^ic 4?»ta frota this drilling h^ve be>jn either lost or misplaced end 

were not available for the present study. According to a report of !?r* 

Iddy 7» Borjesaon, a forraer enployee of the corapf»ny f the teat wells en 

countered either inproductive strata or salt-water aquifers in the bedrock 

formations* l^oreover, the ^cter-benring beds in the alluvium encountered 

by the test isella wore considered by thn driller to be nore productive then any 

found in th« underlying bedrock.
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of ground water

?b« ground *3ter in the nlluTitaa of the Ckmnives Plain h«s be*n 

deyeloped extenslrely for domestic and stock purposes and to limited 

extent for irrigation. It is estimated thst there raay be SCO or more 

shallow du«? ^ells used for stock find dementia purposes in the plain* The 

wells sho^fi in figure 3 aro typical* Jeldoia do these dug w«lla extend 

aore than one of 2 meters belo# th« lowest stiffs of the watr»r tflbls. "oat 

of the -tells are open and uneurbtMl and hence sre reedily subject o pol 

lution by surface drainage and seepacfe, $one of the dujsf domestic or 

3tock wells is enuipped sith « rsech»nic«l puiap. A simple hnnd line -»ith 

bucket is g^ner^lly uaed for drrw?ing up water*

There are apparintly only two existing drilled 'falla in the plain. 

'fell 1 is located nbout 3-1/2 kilosetera northeast of OonniYffS on the

plantation, -rhe ^ell is reported to hfrro a d^pth of about 25

- all of which la in alluaiuis* The principal ^ater-be firing bed is 

in s«and "^nd j^rflral* The well is equipped with a 6-inch Johnaon turbine 

pump ond yields nbout 15 liters per second. The gtntic and puaplng wnter 

levels «rs not known because t^^ well heed is <?p>«slod. The ^«t«r h«3 n

of r90°r;. and has « v*»ry good tssto, ?he *7ell wcs drilled by 

the J. 0. 'ihite Co. nbout 1941. It h«a ilnce been used frosi tin© to tine 

for irri^tion nlthou^h «t present It is idle.



Well 2 at the Mapou chevalier bridge over th« Siviera la Quint a 

1« located nbout 7-1/8 kiloraeters northeaat of Oonalves* ?b» well baa a 

14-Irch casing which is now capped at th» surf sea by a steel plate* It 

is report^ tbat the well is about- ?S motors d©«p nad that the principal 

ire,ter-be firing stratum is In grerel near the bo t ton, the static water level 

la reportedly about one aster below the surface. The well was also drilled 

by the J* a* White Co* in 1941* *t the time it wea pot down a yield of 

about 60 liters per second was obtained 9ith a pump. However, the well waa 

never put into uae*



Ground water for Irrigation haa been developed fron shallow dug 

well3 and a trench at three plncea (wells 19, 20 and 29) on the Bayard 

property about 2-1/2 kilometers e<9st of Honaives. At site 19 ore 3 dug 

uncurbed wells 4.50 to 4/60 rasters deep end spaced in line about 4 netars 

apart. The wells are interconnected «t the bottom with a 6-inch pipe line 

and are punned as « unit. The static water level was 2.30 netera below 

the surface when the installation wag visited in February 1949. & similar 

battery of wells bsa been constructed at site 29. Here are 5 dug wells 

which are each 2 neters in diameter and apaecd on line 4 asters apart. 

The wells ranre from 3.40 to 4.10 cetera deep and the static water level 

is 2.00 neters below the l?und surface. The wells are interconnected by 

a 6-inch pipe at the bottora. -t site 20 a rectangular uncurb«d pit with 

dimensions of 3 a: 4 meters has been duft to a depth of 4.50 naters. Tbe 

static water level ia the pit was 2.70 meters below the surface when ob- 

serred. The pit is connected to an open trench 3 rasters deep ??nd about 200 

meters Ion,*, vlhen the weter level in the pit is drawn down by pumping the 

trench discharges into the pit at about 3 liters per second. The sustained 

capacity of the pit and trench during pumping does not apcoflr to be much 

nore t*i*m "bout 5 liters T3Qr second. '11 of the three ins tall ntiona 9 that 

ia f -ells 19, TO and 29 «r« ^uTrp^d with the 3ma ^ort^ble 4-inch centrifugal 

T>U^T> '7hich is ^o*?ered by a gr»soline notor. Th« yields obtained it ^tells 19 

and 39 -?ere not obspnr^d.

The pita and trench at nil thr^e Installations ere dug in relatively 

tight ^ilt or cloy containing only n fo:<r thin stranks of ^«ter-bearin^ snnd. 

The pit nt "o. 20 evidently enters a f?w centimeters Into -tater-bearing a«nd 

ana ^r^vel nt the bottom, but the penetration is not sufficient to develop 

the stratus. The yields no-sr obtained -it all three installations conld bo in- 

crossed by deepening the ^fllls until they r«n*trste one or nore b«dn of pro 

ductive w^ter-be-^rin^ send and 'or travel.



Conclusions 

With the exception of the few ^ells previously described ground

in the Oonaivos Plain ig not utilized for irrigation, the result« 

of the present study indicate that ground water In ejuentity sufficient for 

irrigation can be obtained from the alluvium by gravity froa infiltration 

galleries or deyeloped springs »md by pumping froia drilled or du# wells*
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Infiltration galleries end developed springs

fbe water t^ble in the alluvium of the Oonaivea Plain h?*3 a rela 

tively iteep gradient especially in the northern part of the plain* 

This condition suggests the possibility of developing ground water for 

irrigation by gravity fron infiltration galleries. The most favorable 

sites for the construction of such gslierlea would be in those places 

where the water table la near the surface find where the near-surface 

water-bearing strata are p«rmeable. The stretch of the channel of tho 

Riviere La Qiinte between ;ource Marchend UTo.55) end the * : «pou Chevalier 

bridge is favorable for the construction of such a gallery* Moreover, 

the stream channel at source ^archsnd itself seems to be a good loca 

tion. Mere the ^ater table at its low or dry-neaaon lies within about 

one to n tnetera of tho surf nee of the channel. The wntftr-be^rinf; nntsrial 

st this point 13 course permeable STRVO!. *n Infiltration cilery could 

be eonatructed here 1) by trench ins to « depth of a fow rasters b<nlow the 

low or dry-fieason 3tai?e of the wst«r t«ble, and 2) by laying perforated 

concrete or net^l piping in the bottom of th« trench and back filling. 

'ater collected by the gallery could b« led by gravity froni the p^rfora- 

tad pipe section of the trench Into a ainilnr blank pipe and brought tip to 

the general l*»nd ^urf-"Jce of thft /l^ln on  * gr^dl^nt «ionewhat flatter than 

thfit of the'^nter table. Cnce at the land surface the vrntar coulfl be led 

to Irrigated lands through open .iitchea. It la eatto^tocl thnt ** ^rsvity 

supply of the order of ra few tens of litrrs rsar second could be developed 

in t^is nnnnor by sn infiltration gallery perhaps 50 to 100 nnt 4- 

Cf couro© auoh a ^^llery would heve 5o be conatructed in the dry .j«^a 

to avoid dar-rs/ie from wet-s«aion floodg in the river.



The only permanent springa in the plain susceptible of devalopssent 

aro Sources Bonsry (Ho. 2). The dry-season flow of th« strem fed by 

therm spring is used only for domestic and stock water which could also 

b<% readily obtained frora neerby dug well£« 'fhe nonaal dry-gengon flo?f of 

approximately 90 to 130 liters per second is no*t esaentislly ^Atit^Ni* By 

aeana of a 3imple diversion <Jea Qbotit 2 ncters high this water could be 

diverted into ditchaa for irrigation. :-3ueh a dna conld be constructed 

at any suitable location downat rasas frora the principal spring hesd^. 

The dry-season flo^f of the strcan trotild probnbly be considerably in- 

er«jfi3ed by cleaning ftho spring hssdg of sr?u?»tic vegetation ^nd otbar 

debris*

Drilled

?"he two e-jcistin^ drilled /fella (Kos» 1 and 2) in the 

?lain indicate th*»t -Tatar auppliea in qusntity sufficient for irriga 

tion cnn *5o developed fron -.valla of nodernte depth drilled into the 

alluviiii!!, '-Sell 1 yields nbout 15 liters p«r second nnd well 2 hea re 

portedly produced ""bout 60 litora r^r '.^com!* Both -tells ?re epnroxi- 

raataly rS rsetera deep.



It is believed that yields of the same order of aagnitude could 

be obtained from properly constructed wells of comparable depth in 

other perta of the plain* However* the areas lying l)between the 10- 

meter water-table contour t?ig» 2} end Connives Bay and 2) east and 

east-northeast of I'orne Cramont n*y not generally be f j*vorf?bl«. In 

these areas tha alluvium is probably either f ine-textured and of low 

permeability or the grotir.d stater is of poor chnmio^l cttality. ths 

present geologic study indicates that the «sreR lying between the 30 mid 100- 

meter contours (?ig* 2) is the saost fpvornble sons in the plain for 

ground ffiter devdloT^ent by drilled wells. In this nre« the «lluvium 

contains one or nore b^di of permeable -.irnter-benrlng RTSVQ! «nd/orN^SQd» 

It is believed that yiolds of 10 to 50 litors por second could be ob 

tained by minsping frora siaple wells drilled to doptha of about 35 to 45 

meters in this ar«a»

Before Inrgs production .-<ella are put dowi aono ?*dditional 

teat drilling twuld be desirable to determine the position, thickness and 

phyaicsl chnrwcter of the a^juifera ?ud the cheiaiosl quality of the water 

at different winces in the plain. The d«ta so obt'ined should be erre- 

fully tabulated end preserved for reference* .Ju^geated location* for 

test drilling ^rtj in the ^oneral vicinity of domestic wells 35,40, 47, 

end 58 (Fig. 2). ?est wells drilled to deaths of about 40 to 60 r,*»t--»ra 

fit these Ioe*!tion3 should be fyjccueto to ^rove the wf»ter-bepriri 

tcristlea of eouifem in the allnviua. !>rillin/? to ^renter cl 

not aT»r>sar ^orthv̂ bile in vi«w of the negative r^^ults ob 

.T« 1. "/hite c;o. by drilling into ths bedrock fc-rwntiona.
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Bug fella

Th« economic resources of tho ??vermje individual farmer in the 

flon^lvea Plain ara far from sufficient to cov^p the cost of ft deep 

drilled well equipped with roifer pura? op fveu the costs of operation 

and rMtinten^nee of the pump* This type of ground-water development 

appears limited to cooperatives o~ to larns lsn<3 owners.

The average individual holding in the plain is only »» few hectares. 

At least considerable parts of thes<? 1 rands could be irrigated «t no &r«Rt 

expense by windmill ptjrars placed ovf?r sh^llo'-r dug »ells« ! atep auffiolent

in ^uantity to .iunt*ln the capacity of *» t^indiaill cotali be obtained
» 

reedily from dug wells l«a-? tfean 20 ra^tori deop in the alluvii^a. The

current cost for dlgginft ?n open, uncurbed ^ell in the plain pnnre.1 from 

about 60 to PK3 cent.n pep netep* roroovc:r, in the dry veaaon vhen. watsr 

i3 nost needed tliere is -in alaoat constant novei^at of the northeftfi 

irinds across the plain. Thus sufficient motive force in providod for 

windnllls. If sufficient surface gtor*«e cnpncity is provided for the 

*mt- r punpcd, 1 to 2 V.ectares of lend could be rendlly irri(7^t tt f! from 

one wir.d*r,ill. It ia b^lieve<1 th."t o-*-'»rinent^*lon in irrirr^tion frcn

at f~ir<o r:3 f coorsf»r-'tiv«5 rjch ^i t'^'t "t

Oeolc«rlcnl -u 
,-ton, D. C,
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